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(57) ABSTRACT 

A compound of the formula (I) Wherein the bond between 
carbon atoms 22 and 23 indicated With a broken line is a 

single or double bond, m is 0 or 1, R1 represents a 
Cl-Clzalkyl, C3-C8cycloalkyl or C2-Cl2alkenyl group, R2 
represents a hydrocarbyl group or a substituted hydrocarbyl 
group, and R3 and R4 represent, independently of each other, 
hydrogen or a chemical constituent, or either R2 and R3 
together or R3 and R4 together represent a three- to seven 
membered alkylene or a four- to seVen-membered alk 
enylene bridge, for each of Which at least one, preferably a 
CH2 group may be replaced by O, S or NR6 Where R6 
represents hydrogen or a hydrocarbyl group or a substituted 
hydrocarbyl group; or, if appropriate, an E/Z isomer and/or 
tautomer of the compound of formula (I), in each case in free 
form or in salt form. 

0 

OH 
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AVERMECTIN AND AVERMECTIN 
MONOSACCHARIDE SUBSTITUTED IN THE 4” 

AND 4” POSITION RESPECTIVELY 

[0001] The present invention relates in particular to certain 
avermectin and avermectin monosaccharide derivatives, 
processes for preparing such derivatives, intermediates in 
the preparation of such derivatives, and the use of certain 
derivatives controlling pests. 

[0002] Certain macrolide compounds for controlling pests 
are knoWn. HoWever, the biological properties of these 
knoWn compounds are not entirely satisfactory, and, as a 
consequence, there is still a need for providing further 
compounds having pesticidal properties. 

[0003] It is found that certain desoxy derivatives of aver 
mectin and avermectin monosacccharide, having a hydro 
carbyl group or substituted group thereof on the 4" or 4' 

position, are useful in controlling pests, in particular pests 
that are harmful to crop plants and to its propagation 
material, such as representatives of the class insecta, the 
order Acarina and the class nematoda. 

[0004] Accordingly, in a ?rst aspect, the present invention 
provides a compound of the formula (1) 

Feb. 28, 2008 

Wherein the bond betWeen carbon atoms 22 and 23 indicated 
With a broken line is a single or double bond, 

misOorl, 

R1 represents a 
C2-Cl2alkenyl group, 

C l-C 1 2alkyl, C3 -C8cycloalkyl or 

R2 represents a hydrocarbyl group or a substituted hydro 
carbyl group, and 

R3 and R4 represent, independently of each other, hydrogen 
or a chemical constituent, or either R2 and R3 together or R3 

and R4 together represent a three- to seven-membered alky 
lene or a four- to seven-membered alkenylene bridge, for 

each of Which at least one, preferably a CH2 group may be 

replaced by O, S or NR6, Where R6 represents hydrogen or 
a hydrocarbyl group or a substituted hydrocarbyl group; or, 

if appropriate, an E/Z isomer and/or diastereoisomer and/or 

tautomer of the compound of formula (I), in each case in free 

form or in salt form. 

[0005] The symbol 6 represents that the con?guration of 

the carbon atom at the 4'- or 4"-position is (S) or (R). 

(I) 
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[0006] 
a process for preparing a compound of formula (I) 

In a second aspect, the present invention provides 

(1) 

Wherein R1, R2, R3, R4, the bond betWeen the carbon atoms 
22 and 23 and m are as de?ned in the ?rst aspect, comprising 
the steps of: 

(i) synthesizing a compound of formula (0t) 

Feb. 28, 2008 

Wherein R1, the bond betWeen the carbon atoms 22 and 23 
and m are as de?ned for formula (I) in the ?rst aspect and 
Q is a protecting group; 

(ii) reacting a disul?de, an aliphatic or aromatic phosphine 
and a compound of formula (0t) to yield a sulfenimine 
derivative of the compound of formula (0t); 

(iii) oxidising the sulfenimine derivative of the compound of 
formula (0t) to yield a sul?nimine derivative of the com 
pound of formula (0t); 

either 

(iva) reacting an organometallic reagent having the R2 group 
With the sul?nimine derivative of the compound of formula 
(0t) to yield a desoxy-sul?namide-hydrocarbyl derivative of 
the compound of formula (0t); or 

(ivb) reacting an isocyanate reagent of formula 

Where R12 is unsubstituted or mono- to pentasubstituted 
Cl-Clzalkyl, unsubstituted or mono- to pentasubstituted 
C3-C12cycloalkyl, unsubstituted or mono- to pentasubsti 
tuted C2-Cl2alkenyl, unsubstituted or mono- to pentasubsti 
tuted C2-Cl2alkynyl, unsubstituted or mono- to pentasub 
stituted aryl, unsubstituted or mono- to pentasubstituted 
benZyl, unsubstituted or mono- to pentasubstituted 
C3-Cl2cycloalkyl ester, unsubstituted or mono- to pentasub 
stituted Cl-Clzalkyl ester, unsubstituted or mono- to penta 
substituted C 1 -Cl 2alkyl sulfone or unsubstituted or mono- to 
pentasubstituted Cl-Clzalkyl nitrile With the sul?nimine 

((1) 
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derivative of the compound of formula (0t) to yield a 
desoXy-amine-hydrocarbyl derivative of the compound of 
formula (0t); or 

(ivc) reacting an nitro alkyl reagent of formula 

H R11 

R10 
40 

N+ 

0. 

Where R10 and R11 are independently of each other, H, CN, 
unsubstituted or mono- to pentasubstituted Cl-Cl2alkyl, 
unsubstituted or mono- to pentasubstituted 

C3-Cl2cycloalkyl, unsubstituted or mono- to pentasubsti 
tuted C2-Cl2alkenyl, unsubstituted or mono- to pentasubsti 
tuted C2-Cl2alkynyl, unsubstituted or mono- to pentasub 
stituted aryl, unsubstituted or mono- to pentasubstituted 
benZyl, unsubstituted or mono- to pentasubstituted 
C3-Cl2cycloalkyl ester, an unsubstituted or mono- to pen 

tasubstituted Cl-Clzalkyl ester, unsubstituted or mono- to 
pentasubstituted Cl-Clzalkyl sulfone or unsubstituted or 
mono- to pentasubstituted Cl-Clzalkyl nitrile With the 
sul?nimine derivative of the compound of formula (0t) to 
yield a desoXy-amine-hydrocarbyl derivative of the com 
pound of formula (0t); and 

either 

(va) removing the sul?nyl group and protecting group Q 
either in one step or sequentially one after another to yield 

a compound of formula (I), Where R3 and R4 each represent 
hydrogen, or 

(vb) removing the sul?nyl group alone, carrying out reac 
tions on one or more of the R2, R3 and R4 groups to modify 
the group and then removing the protecting group Q to yield 
a compound of formula (I), or 

(vc) removing the protecting group Q if the sul?nyl group is 
removed during (iva) or (ivb) or (ivc) to yield a compound 
of formula (I). 

[0007] In a third aspect, the present invention provides a 
process for preparing a compound of formula (I) 

(I) 

O 
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-continued 

Wherein R1, R2, R3, R4, the bond betWeen the carbon atoms 
22 and 23 and m are as de?ned in the ?rst aspect, comprising 
the steps of: 

(i) synthesizing a compound of formula ([3) 

([5) 

O 

Wherein R1, the bond betWeen the carbon atoms 22 and 23 
and m is as de?ned for formula (I) in the ?rst aspect and X 
is H or Q, Where Q is a protecting group; 

(ii) reacting NiR4hydroxylamine or salt thereof With a 
compound of formula ([3) to yield a nitrone derivative of the 
compound of formula ([3); 
either 

(iiia) reacting an organometallic or a silyl reagent having the 
R2 group With nitrone derivative of the compound of for 
mula ([3) to yield a desoXy-NiR4hydroXylamino-hydrocar 
byl derivative of the compound of formula ([3), Where R4 is 
as de?ned for formula (I) of the ?rst aspect, or 

(iiib) reacting an alkene or an alkyne derivative With the 
nitrone derivative of the compound of formula ([3) to yield 
a desoXy-N-isoXaZolidine derivative or 2,3-dihydro-isox 
aZole derivative respectively of the compound of formula 
([3); and 
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either 

(iva) removing the protecting group Q, if present, to yield a 
compound of formula (I), Where R3 is OH in the event of 
reaction step (iiia), or Where R2 and R3 is an alkylene or 
alkenylene bridge With a CH2 group replaced by an oxygen 
atom in the event of reaction step (iiib), or 

(ivb) carrying out reactions on one or more of R2, R3 and R4 
groups to modify the group and removing the protecting 
group Q, if present, to yield a compound of formula (I). 
[0008] In a fourth aspect, the present invention provides a 
process for preparing a compound of formula (I) 

(I) 

O 

Wherein R1, R3, R4, the bond betWeen the carbon atoms 22 
and 23 and m are as de?ned for formula (I) in the ?rst aspect 
and R2 is CN, comprising the steps of: 
(i) synthesiZing a compound of formula ([3) 

([5) 

Feb. 28, 2008 

Wherein R1, the bond betWeen the carbon atoms 22 and 23 
and m is as de?ned in for formula (I) in the ?rst aspect and 
X is H or Q, Where Q is a protecting group; 

either 

(iia) reacting the compound of formula ([3) With a silylated 
amine (having the R3 and R4 groups) in presence of a LeWis 
acid and a trialkylsilyl cyanide, to yield a compound of 
formula (I) With the proviso that the oxygen atom at the 
5-carbon position is protected, if Q is present in the com 
pound of formula ([3), and Wherein R1, R3, R4, the bond 
betWeen the carbon atoms 22 and 23 and m are as de?ned in 

the ?rst aspect, and R2 is CN, or (iib) reacting the compound 
of formula ([3) With an amine of formula R3R4NH, a 
chlorosilane, a LeWis acid and a trialkylsilyl cyanide to yield 
a compound of formula (I) With the proviso that the oxygen 
atom at the 5-carbon position is protected, if Q is present in 
the compound of formula ([3), and Wherein R1, R3, R4, the 
bond betWeen the carbon atoms 22 and 23 and m are as 

de?ned in the ?rst aspect, and R2 is CN; 

(iii) optionally carrying out reactions on one or both of R3 
and R4 groups to modify the group; and 

(iv) removing the protecting group Q, if present, to yield a 
compound of formula (I); 

(i) synthesizing a compound of formula ([3) 

([5) 

O 

Wherein R1, the bond betWeen the carbon atoms 22 and 23 
and m are as de?ned for formula (I) in the ?rst aspect and 

X is H or Q, Where Q is a protecting group; 

(ii) reacting the compound of formula ([3) With an ammo 
nium salt of formula Rl8CO2_NH4+, an isocyanide of for 
mula RIZNC to yield a compound of formula (I), With the 
proviso that the oxygen atom at the 5-carbon position is 
protected, if Q is present in the compound of formula ([3), 
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wherein R1, the bond between the carbon atoms 22 and 23 

and m are as de?ned in the ?rst aspect, R2 is Rl2NHC(O), 

and R4 is R18C(O), R18 is H, unsubstituted or mono- to 
pentasubstituted Cl-Clzalkyl, unsubstituted or mono- to 

pentasubstituted C3-Cl2cycloalkyl, unsubstituted or mono 

to pentasubstituted C2-Cl2alkenyl, unsubstituted or mono 

to pentasubstituted C2-Cl2alkynyl, unsubstituted or mono 

to pentasubstituted aryl, unsubstituted or mono- to penta 

substituted benZyl, unsubstituted or mono- to pentasubsti 

tuted C3-Cl2cycloalkyl ester, unsubstituted or mono- to 

pentasubstituted Cl-Clzalkyl ester, unsubstituted or mono 

to pentasubstituted Cl-Clzalkyl sulfone or unsubstituted or 

mono- to pentasubstituted Cl-Clzalkyl nitrile and R12 is as 

de?ned in (ivb) of the second aspect; and 

(iii) removing the protecting group Q, if present, to yield a 
compound of formula (I). 

[0009] Generally, a preparation of a compound of formula 
(1) results in a mixture of compounds, so the present 
invention also extends to a mixture containing compounds 
of formula (I), such as a mixture containing E and Z isomers, 
R and S diastereoisomers, compounds with R1 is iPr and 
compounds with R1 is sec-Bu or compounds of different 
tautomers, or a mixture thereof. 

[0010] In a ?fth aspect, the present invention provides a 
compound of the formula (Ill) 

0 
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Wherein the bond betWeen carbon atoms 22 and 23 indicated 
With a broken line is a single or double bond; 

misOorl 

R1 represents a 
C2-Cl2alkenyl, group; 

Cl-Clzalkyl, C3-C8cycloalkyl or 

R8 represents Cl-C6alkyl that is optionally substituted With 

one to ?ve substituents selected from the group consisting of 

halogen, Cl-C6alkoxy, hydroxy, cyano, aryl, benZyl or het 

eroaryl, Which, depending on the possibilities of substitution 

on the ring, are mono- to trisubstituted by substituents 

selected from the group consisting of OH, halogen, CN, 

N02, Cl-Cl2alkyl, Cl-Clzhaloalkyl, Cl-Cl2alkoxy, 
C 1 -C 1 2haloalkoxy, C 1 -C 1 2alkylthio and 

Cl-Clzhaloalkylthio, and 

X represents H or Q, Where Q is a suitable protecting group 

to prevent reaction on the oxygen atom at the 5-carbon 

position. 

or, if appropriate, an E/Z isomer and/or diastereoisomer 

and/or tautomer of the compound of formula (III), in each 

case in free form or in salt form. 

(III) 
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[0011] In a sixth aspect, the present invention provides a 
compound of the formula (V) 

O' O 

0 

Wherein the bond betWeen carbon atoms 22 and 23 indicated 
With a broken line is a single or double bond, 

mis0or1, 

R1 represents a Cl-Clzalkyl, C3-C8cycloalkyl or C2-Cl2, 
alkenyl, group, 

R4 represents a chemical constituent, and 

X represents H or Q, Where Q is a suitable protecting group 
to prevent reaction on the oxygen atom at the 5-carbon 
position; or, if appropriate, an E/Z isomer and/or diastere 
oisomer and/or tautomer of the compound of formula (V), in 
each case in free form or in salt form. 

[0012] In a seventh aspect, the present invention provides 
a pesticidal composition comprising at least one compound 
of the formula (I), (III) or (V), as de?ned in the ?rst, ?fth or 
sixth aspect respectively, as active compound, and at least 
one auxiliary. 

[0013] In an eighth aspect, the present invention provides 
a method for controlling pests comprising applying a com 
position de?ned in the seventh aspect to the pests or their 
habitat. 

[0014] In a ninth aspect, the present invention provides a 
process for preparing a composition de?ned in the seventh 
aspect comprising mixing intimately and/ or grinding at least 
one compound of the formula (I), (III) or (V), as de?ned in 
the ?rst, ?fth or sixth aspect respectively, as active com 
pound, With at least one auxiliary. 

[0015] In a tenth aspect, the present invention provides the 
use of a compound of the formula (I), (III) or (V), as de?ned 
in the ?rst, ?fth or sixth aspect respectively, for preparing a 
composition as de?ned in the seventh aspect. 

Feb. 28, 2008 

(V) 

[0016] 
vides the use of a composition as de?ned in the seventh 
aspect for controlling pests. 

In an eleventh aspect, the present invention pro 

[0017] In a tWelfth aspect, the present invention provides 
a method for protecting plant propagation material compris 
ing treating the propagation material, or the location Where 
the propagation material is planted, With a composition 
de?ned in the seventh aspect. 

[0018] In a thirteenth aspect, the present invention pro 
vides a pest resistant plant propagation material having 
adhered thereto at least one compound of the formula (I), 
(III) or (V), as de?ned in the ?rst, ?fth or sixth aspect 
respectively; preferably treated by the method of the tWelfth 
aspect. 

[0019] In a fourteenth aspect, the present invention pro 
vides the use of compound de?ned in the ?fth or sixth aspect 
for preparing a compound of formula (I) as de?ned in the 
?rst aspect. 

[0020] A compound of the present invention is a derivative 
of avermectin or avermectin monosaccharide. 

[0021] Avermectins are knoWn to the person skilled in the 
art. They are a group of structurally closely related pesti 
cidally active compounds, Which are obtained by fermenting 
a strain of the microorganism Slreplomyces avermililis. Also 
the derivatives Where R1 is not iso-propyl or sec-butyl, for 
example, it is cyclohexyl or l-methyl butyl, are obtained by 
fermentation. Derivatives of Avermectins can be obtained by 
conventional chemical syntheses. The present invention 
relates to a neW series of compounds having a hydrocarblyl 
group or substituted group thereof and an unsubstituted or 
substituted amine on the 4" or 4' position of avermectin or 
avermectin monosaccharide respectively. 
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[0022] The avermectins, Which can be obtained from 
Slreplomyces avermililis, are referred to as A1a, A1b, A2a, 
A2b, Bla, Blb, B2a and B2b. The compounds referred to as 
“A” and “B” have a methoxy radical and an OH group, 
respectively, in the 5-position. The “a” series and the “b” 
series are compounds in Which the substituent R1 (in posi 
tion 25) is a sec-butyl radical and an isopropyl radical, 
respectively. The number 1 in the name of the compounds 
means that carbon atoms 22 and 23 are linked by a double 
bond; the number 2 means that they are linked by a single 
bond and that the carbon atom 23 carries an OH group. The 
above nomenclature is adhered to in the description of the 
present invention to denote the speci?c structure type in the 
not naturally occurring avermectin derivatives according to 
the invention, Which corresponds to the naturally occurring 
avermectin. The compounds according to the invention are 
especially derivatives of avermectin compounds of the B1 
series, advantageously Bla and Blb; derivatives having a 
single bond betWeen carbon atoms 22 and 23; derivatives 
having substituents other than sec-butyl or isopropyl in 
position 25; and derivatives of the corresponding monosac 
charides. 

[0023] For a revieW of macrolide chemistries, see: Iver 
mectin and Abamectin. Fisher, M. H.; MroZik, H. Edi 
tor(s)iCampbell, William Cecil, (1989), 1-23; and Mac 
rolide Antibiotics (2nd Edition), SunaZuka, Toshiaki, 
Omura, Sadafumi; lWasaki, Shigeo, Omura, Satoshi. Edi 
tor(s)iOmura, Satoshi (2002), 99-180. 

[0024] Also the following articles describe synthetic 
routes to prepare monosaccharide avermectin derivatives: 
MroZik, Helmut; Eskola, Philip; Arison, Byron H.; Albers 
Schoenberg, George; Fisher, Michael H. Journal of Organic 
Chemistry (1982), 47(3), 489-92; and Bliard, Christophe; 
Escribano, Francisca Cabrera; Lukacs, Gabor; Olesker, 
Alain; Sarda, Pierre Journal of the Chemical Society, 
Chemical Communications (1987), 5), 368-70. 

[0025] EP-A-0343708 further describes synthetic routes to 
prepare 4" or 4'-oxo and oxime avermectin derivatives. 

[0026] Each compound of the invention may be present as 
a tautomer. Accordingly, the compound, for example, of 
formula (I) is, if appropriate, also to be understood as 
including the corresponding tautomer, even if the latter are 
not speci?cally mentioned in each case. 

[0027] Each compound of the invention, such as com 
pound of formula (I), and, Where applicable, its tautomer can 
form salts, for example acid addition salts. These acid 
addition salts are formed, for example, With strong inorganic 
acids, such as mineral acids, for example, sulfuric acid, a 
phosphoric acid or a hydrohalic acid, With strong organic 
carboxylic acids, such as unsubstituted or substituted, for 
example halo-substituted, Cl-C4alkanecarboxylic acids, for 
example, acetic acid, unsaturated or saturated dicarboxylic 
acids, for example, oxalic acid, malonic acid, maleic acid, 
fumaric acid or phthalic acid, hydroxycarboxylic acids, for 
example, ascorbic acid, lactic acid, malic acid, tartaric acid 
or citric acid, or benZoic acid, or With organic sulfonic acids, 
such as unsubstituted or substituted, for example, halo 
substituted, Cl-C4alkane- or aryl-sulfonic acids, for 
example, methane- or p-toluene-sulfonic acid. Compound of 
formula (I) that have at least one acidic group can further 
more form salts With bases. Suitable salts With bases are, for 
example, metal salts, such as alkali metal salts or alkaline 
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earth metal salts, for example, sodium, potassium or mag 
nesium salts, or salts With ammonia or With an organic 
amine, such as morpholine, piperidine, pyrrolidine, a mono-, 
di- or tri-loWer alkylamine, for example, ethylamine, diethy 
lamine, triethylamine or dimethylpropylamine, or a mono-, 
di- or trihydroxy-loWer alkylamine, for example, mono-, di 
or tri-ethanolamine. Corresponding internal salts may also 
be formed Where appropriate. Among the salts of the com 
pound of formula (I), the agrochemically advantageous salts 
are preferred. 

[0028] Any reference to the free compound of the inven 
tion, for example, of formula (I) or its salt, is to be under 
stood as including, Where appropriate, also the correspond 
ing salt or the free compound of formula (1), respectively. 
The same applies to tautomer of compound of the invention, 
for example, of formula (I) and salt thereof. 

[0029] The invention is described in detail beloW. Further, 
as described beloW each embodiment of a feature of the 
present invention is independent of an embodiment of 
another feature. 

[0030] In the context of the ?rst aspect of the invention, 
preference is given to folloWing groups: 

(2) a compound of the ?rst aspect (also referred to as group 
(1)) in free form (i.e., not in salt form); 

(3) a compound of the ?rst aspect (also referred to as group 
(1)) in salt form; 

[0031] (4) a compound according to any one of groups (1) 
to (3), Wherein R2 is unsubstituted Cl-Clzalkyl or halogen 
substituted Cl-Clzalkyl or in each case a mono- to penta 
substituted derivative thereof, unsubstituted 
C3-C8cycloalkyl or halogen-substituted C3-C8cycloalkyl or 
in each case a mono- to pentasubstituted derivative thereof, 
unsubstituted C2-Cl2alkenyl or halogen-substituted 
C2-Cl2alkenyl or in each case a mono- to pentasubstituted 
derivative thereof, unsubstituted C2-C8alkynyl or halogen 
substituted C2-C8alkynyl or in each case a mono- to penta 
substituted derivative thereof, CN, unsubstituted aryl or 
heterocyclyl, or aryl or heterocyclyl that are, depending on 
the possibilities of substitution on the ring, mono- to pen 
tasubstituted by substituents selected from the group con 
sisting of =0, OH, =S, SH, halogen, CN, N02, 
Cl-Clzalkyl, C3-C8cycloalkyl, Cl-Clzhaloalkyl, 
Cl-Clzalkoxy, Cl-Clzhaloalkoxy, Cl-Clzalkylthio, 
Cl-Clzhaloalkylthio, Cl-C6alkoxy-Cl-C6alkyl, 
C2-C8alkenyl, C2-C8alkynyl, phenoxy and methylenedioxy; 

[0032] (5) a compound according to any one of groups (1) 
to (4), Wherein R3 is hydrogen, unsubstituted C l-C l2alkyl or 
halogen-substituted Cl-Clzalkyl or in each case a mono- to 
pentasubstituted derivative thereof, unsubstituted 
C3-C8cycloalkyl or halogen-substituted C3-C8cycloalkyl or 
in each case a mono- to pentasubstituted derivative thereof, 
unsubstituted C2-Cl2alkenyl or halogen-substituted 
C2-Cl2alkenyl or in each case a mono- to pentasubstituted 
derivative thereof, unsubstituted C2-C8alkynyl or halogen 
substituted C2-C8alkynyl or in each case a mono- to penta 
substituted derivative thereof, unsubstituted Cl-Clzalkoxy 
or halogen-substituted Cl-Cl2alkoxy or in each case a 
mono- to pentasubstituted derivative thereof, unsubstituted 
or mono- to pentasubstituted phenoxy, OH, aryl, benZyl, 
heterocyclyl group, CN, iN(R5)2, iSRS, iS(=O)R8, 
*S(=O)2Rs> or *S(=O)2N(R5)2; 
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[0033] (6) a compound according to any one of groups (1) 
to (5), wherein R4 is H, unsubstituted or mono- to penta 
substituted Cl-Cl2alkyl, unsubstituted or mono- to penta 
substituted C3-Cl2cycloalkyl, unsubstituted or mono- to 
pentasubstituted C2-Cl2alkenyl, unsubstituted or mono- to 
pentasubstituted C2-Cl2alkynyl; 
[0034] (7) a compound according to any one of groups (1), 
(2), (3) and (6), Wherein R2 and R3 together are a three- to 
seven-membered alkylene or a four- to seven-membered 
alkenylene bridge, for each of Which at least one, preferably 
a, CH2 group may be replaced by O, S or NR6; 

[0035] (8) a compound according to any one of groups (1) 
to (4), Wherein R3 and R4 together are a three- to seven 
membered alkylene or a four- to seven-membered alk 
enylene bridge, for each of Which at least one, preferably a, 
CH2 group may be replaced by O, S or NR6; 

[0036] The substituents of the alkyl, alkoxy, phenoxy, 
alkenyl, alkynyl, alkylene (Whether CH2 group replaced or 
not), alkenylene (Whether CH2 group replaced or not), 
cycloalkyl groups, and halogen substituted groups of alkyl, 
alkenyl, alkynyl and cycloalkyl, mentioned in any one of 
groups (1) to (8) are selected from the group consisting of 
OH, SH, =0, =S, halogen, CN, SCN, NO2, iN3, C3-C8 
cycloalkyl that is unsubstituted or substituted by one to three 
methyl groups, C3-C8cycloalkenyl that is unsubstituted or 
substituted by one to three methyl groups, 
C3 -C8halocycloalkyl, C l -C l 2alkoxy, halo -C l -C l 2alkoxy, 
Cz-Csalkenyloxy, Cz-Csalkynyloxy, Cl-C6alkoxy-Cl 
C6alkoxy, C1-Cl2alkoxy-N(R5)2 (Wherein the tWo R5 are 
independently of each other), C3-C8cycloalkoXy, 
C l -C l 2alkylthio, C l -C6alkylthio -C l -C6alkoxy, halo -C l - 
C 1 2alkylthio, C3 -C8cycloalkylthio, 
C3-C8heterocycloalkylthio, Cl-Cl2alkylsul?nyl, 
C3 -C8cycloalkylsul?nyl, C l -C l 2haloalkylsul?nyl, 
C3-C8halocycloalkylsul?nyl, Cl-Cl2alkylsulfonyl, 
C3-C8cycloalkylsulfonyl, Cl-Clzhaloalkylsulfonyl, 
C3 -C8halocycloalkylsulfonyl, iN(R5)2 (Wherein the tWo R5 
are independently of each other or the tWo R5 together 
represent a three- to seven-membered alkylene or a four- to 
seven-membered alkenylene bridge), iC(=Y)OH, 
*C(:Y)R7; *X4C(:Y)R7s iP(:O)(OCl_C6a1ky1)2s 
iS(=O)2R8, iNHiS(=O)2R8, iXiC(=O)%l 
C6alkyl-S(=O)2R8, aryl, benZyl, heterocyclyl, aryloxy, ben 
ZyloXy, heterocyclyloxy, arylthio, benZylthio, heterocy 
clylthio, and aryl, benZyl, heterocyclyl, aryloxy, benZyloxy, 
heterocyclyloxy, arylthio, benZylthio and heterocyclylthio, 
Which, depending on the possibilities of substitution on the 
ring, are mono- to pentasubstituted by substituents selected 
from the group consisting of =O, OH, =S, SH, halogen, 
CN, NO2, Cl-Clzalkyl, C3-C8cycloalkyl, Cl-Clzhaloalkyl, 
Cl-Cl2alkoxy, Cl-Clzhaloalkoxy, Cl-Clzalkylthio, 
C 1 -C 1 2haloalkylthio, C 1 -C6alkoXy-C 1 -C6alkyl, dimethy 
lamino-Cl-C6alkoxy, C2-C8alkenyl, C2-C8alkynyl, phe 
noxy, phenyl-Cl-C6alkyl, methylenedioxy, iN(R5)2 
(Wherein the tWo R5 are independently of each other), 
iO%(=O)iR7, iNH%(=O)R7, %(=O)R9, 
C l -C6alkylsul?nyl, C3 -C8cycloalkylsul?nyl, 
C 1 -C6haloalkylsul?nyl, C3-C8halocycloalkylsul?nyl, 
Cl-C6alkylsulfonyl, C3-C8cycloalkylsulfonyl, 
Cl-C6haloalkylsulfonyl and C3-C8halocycloalkylsulfonyl; 
Where 

[0037] R5 represents H, Cl-C6alkyl that is optionally 
substituted With one to ?ve substituents selected from 
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the group consisting of halogen, C3-C8-cycloalkoXy, 
hydroxy and cyano, Cl-C6alkoxy, C3-C8-cycloalkyl, 
C2-Cl2alkenyl, C2-C8alkynyl, aryl, benZyl, heteroaryl, 
or aryl, benZyl or heteroaryl, Which, depending on the 
possibilities of substitution on the ring, are mono- to 
trisubstituted by substituents selected from the group 
consisting of OH, halogen, CN, NO2, Cl-Clzalkyl, 
Cl-Cl2haloalkyl, Cl-Clzalkoxy, Cl-Clzhaloalkoxy, 
Cl-Clzalkylthio and Cl-Clzhaloalkylthio; R6 repre 
sents H, Cl-Csalkyl, hydroxy-Cl-Csalkyl, 
C3-C8cycloalkyl, C2-C8alkenyl, C2-C8alkynyl, phenyl, 
benZyl, iC(=O)R9 or 4CH24C(=O)R9; 

[0038] R7 represents H, C1-C24alkyl, Cl-Clzhaloalkyl, 
Cl-Cl2hydroxyalkyl, C2-C8alkenyl, C2-C8alkynyl, 
Cl-Clzalkoxy, Cl-C6alkoxy-Cl-C6alkoxy, 
C2-C8alkenyloXy, Cl-C6alkoxy-Cl-C6alkyl, N(R6)2 
(Wherein the tWo R5 are independently of each other), 
aryl, benZyl, heterocyclyl, or aryl, benZyl or heterocy 
clyl, Which, depending on the possibilities of substitu 
tion on the ring, are mono- to trisubstituted by sub 
stituents selected from the group consisting of OH, 
halogen, CN, NO2, Cl-Cl2alkyl, Cl-Clzhaloalkyl, 
Cl-Clzalkoxy, Cl-Clzhaloalkoxy, Cl-Clzalkylthio and 
Cl-Clzhaloalkylthio; 

[0039] R8 represents Cl-C6alkyl that is optionally sub 
stituted With one to ?ve substituents selected from the 
group consisting of halogen, Cl-C6alkoxy, hydroxy, 
cyano and benZyl, aryl, benZyl, heteroaryl, or aryl, 
benZyl or heteroaryl, Which, depending on the possi 
bilities of substitution on the ring, are mono- to trisub 
stituted by substituents selected from the group con 
sisting of OH, halogen, CN, NO2, Cl-Clzalkyl, 
Cl-Cl2haloalkyl, Cl-Clzalkoxy, Cl-Clzhaloalkoxy, 
Cl-Clzalkylthio and Cl-Clzhaloalkylthio; 

[0040] R9 represents H, OH, SH, iN(R5)2 (Wherein the 
tWo R5 are independently of each other), C1-C24alkyl, 
C2-Cl2alkenyl, Cl-Cshydroxyalkyl, Cl-Clzhaloalkyl, 
Cl-Clzalkoxy, Cl-Cl2haloalkoxy, Cl-C6alkoxy-Cl 
C6alkyl, Cl-C6alkoxy-Cl-C6alkoxy, C1-C6alkoXy-C1 
C6alkoXy-C1-C6alkyl, Cl-Clzalkylthio, 
C2-C8alkenyloXy, C2 -C8alkynyloXy, iX4C 1 - 
C6alkyl-C(=O)R7, 4Cl-C6alkyl-S(=O)2R8, aryl, 
benZyl, heterocyclyl, aryloxy, benZyloxy, heterocycly 
loxy, or aryl, benZyl, heterocyclyl, aryloxy, benZyloXy 
or heterocyclyloxy, Which, depending on the possibili 
ties of substitution on the ring, are mono- to trisubsti 
tuted in the ring independently of one another by 
halogen, NO2, Cl-C6alkyl, Cl-C6alkoxy, 
Cl-C6haloalkyl or Cl-C6haloalkoxy; 

[0041] X represents O, S, NH or N4Cl-C6alkyl; and 
[0042] Y represents O or S. 

[0043] Furthermore, preference is given to 

(9) a compound according to any one of groups (1) to (8), 
wherein R1 is isopropyl, or sec-butyl; 

(10) a compound according to any one of groups (1) to (8), 
wherein R1 is cyclohexyl; 

(l l) a compound according to any one of groups (1) to (8), 
wherein R1 is l-methyl-butyl; 

(12) a compound according to any one of groups (1) to (l l), 
Wherein the bond betWeen carbon atoms 22 and 23 is a 
single bond; 
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(13) a compound according to any one of groups (1) to (11), 
wherein the bond between carbon atoms 22 and 23 is a 
double bond; 

(14) a compound according to any one of groups (1) to (13), 
wherein m is 1; 

(15) a compound according to any one of groups (1) to (13), 
wherein m is 0; 

(16) a compound according to any one of groups (1) to (15), 
wherein the con?guration of the carbon atom at the e-posi 
tion is (S); 

(17) a compound according to any one of groups (1) to (15), 
wherein the con?guration of the carbon atom at the e-posi 
tion is (R); 

(18) a compound according to any one of groups (1) to (6) 
and (8) to (17), wherein R2 is iCH3, iCH=CH2, 4CEN, 
H2C=CH%H2i, iCECH or (CH3)2CHNHC(O); 

(19) a compound according to any one of groups (1) to (6) 
and (9) to (18), wherein R3 is H, iCH3, 4C(O)CH3, 
iC(O)CH2CH3, %(O)CH2CH2CH3, iC(O)CH2OCH3, 
iC(O)CH2OCH2CH3, %(O)OCH3 or %(O)H; 

(20) a compound according to any one of groups (1) to (7) 
and (9) to (19), wherein R4 is either H or ‘CH3; 

(21) a compound according to any one of groups (1) to (3), 
(6), (7), (9) to (17), and (20), wherein R2 and R3 together 
either represent %H2CH2CH=CHCH2* or 
iCH2CH=CHCH2i; or 

(22) a compound according to any one of groups (1) to (4) 
and (8) to (18), wherein R3 and R4 together either represent 
iCH2CH2CH=CHCH2i or %H2CH=CHCH2i. 

[0044] A preferred compound of formula (I) is where R1 
is isopropyl or sec-butyl, m is 1, the stereochemistry at the 
e-position is (S), R2 is a group containing 1 to 3 carbon 
atoms, R3 is hydrogen or a group containing 1 to 4 carbon 
atoms and one or two oxygen atoms and R4 is hydrogen or 
a group containing 1 to 3 carbon atoms. 

[0045] Where the same general group (or radical or sub 
stituent) type is described as present in a compound in two 
or more positions, the speci?c groups may be the same or 
different. Further, where a number range of substitution is 
indicated, for example, mono- to pentasubstituted C1 to 
Clzalkyl, a skilled person would understand that extent of 
substitutions would depend on the availability of substitu 
tion sites. Unless de?ned otherwise, the general terms used 
in the present application have the meanings given below: 

[0046] Chemical constituent, preferably an organic group, 
is a group of atoms attached via an atom selected from 
carbon, nitrogen, sulfur, oxygen, or phosphorus. Preferably 
the attaching atom is carbon, nitrogen, sulfur or oxygen. 
Examples include unsubstituted and substituted hydrocarbyl 
groups, carbonate and derivatives, nitrate and derivatives, 
phosphate and derivatives, sulfate and derivatives, OH, 
amine and derivatives, alkoxy groups, thio groups, sul?nyl 
groups and sulfonyl groups. 

[0047] Hydrocarbyl group is a group of atoms attached via 
a carbon atom. The group contains one or more carbon 
atoms and one or more hydrogen atoms, which group can be 
aliphatic, alicyclic, (each saturated or unsaturated), aro 
matic, straight-chained, branched-chained, or a group with a 
combination thereof. Examples include methyl, ethyl, iso 
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propyl, cyclohexyl, vinyl, ethynyl, allyl, phenyl, or benZyl. 
Preferably a hydrocarbyl group contains 1 to 15, more 
preferably 1 to 12, especially 1 to 4, such as 1 or 2, carbon 
atoms. 

[0048] Substituted hydrocarbyl group is a group of atoms 
attached via a carbori atom. The group contains one or more 
carbon atoms, optionally one or more hydrogen atoms, and 
one or more hetero atoms, such as a halogen, boron; oxygen, 
nitrogen, sulfur, phosphorus, or a mixture thereof. Examples 
include cyano, halogen substituted carbon-containing 
groups, alkoxy groups, heterocyclic groups, such as pyridine 
and derivatives thereof, and carbonyl containing groups. 
Preferably a substituted hydrocarbyl group contains 1 to 15, 
more preferably 1 to 12, especially 1 to 4, such as 1 to 2, 
carbon atoms. 

[0049] Unless de?ned otherwise, carbon-containing 
groups (for example, alkyl, alkenyl, cycloalkyl) contain 1 up 
to and including 6, preferably 1 up to and including 4, in 
particular 1 or 2, carbon atoms. 

[0050] Halogenias a group per se and also as a structural 
element of other groups and compounds, such as haloalkyl, 
haloalkoxy and haloalkylthioiis ?uorine, chlorine, bro 
mine or iodine, in particular ?uorine, chlorine or bromine, 
especially ?uorine or chlorine. 

[0051] Alkylias a group per se and also as a structural 
element of other groups and compounds, such as haloalkyl, 
alkoxy and alkylthioiis, in each case taking into account 
the number of carbon atoms contained in each case in the 
group or compound in question, either straight-chain, i.e., 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, or 
branched, for example, isopropyl, isobutyl, sec-butyl, tert 
butyl, isopentyl, neopentyl or isohexyl. Preferred number of 
carbon atoms in an alkyl group is between 1 to 6, such as 1 
to 4. 

[0052] Cycloalkylias a group per se and also as a struc 
tural element of other groups and compounds, such as, for 
example, of halocycloalkyl, cycloalkoxy and cycloalky 
lthioiis, in each case taking into account the number of 
carbon atoms contained in each case in the group or com 
pound in question, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl or cyclooctyl. Preferred number of 
carbon atoms in a cycloalkyl group is between 3 to 6, such 
as 3 to 4. 

[0053] Alkenylias a group per se and also as a structural 
element of other groups and compoundsiis, taking into 
account the number of carbon atoms and conjugated or 
isolated double bonds contained in the group, either straight 
chain, for example, vinyl, allyl, 2-butenyl, 3-pentenyl, 
1-hexenyl, 1-heptenyl, 1,3-hexadienyl or 1,3-octadienyl, or 
branched, for example, isopropenyl, isobutenyl, isoprenyl, 
tert-pentenyl, isohexenyl, isoheptenyl or isooctenyl. Prefer 
ence is given to alkenyl groups having 3 to 12, in particular 
3 to 6, especially 3 or 4, carbon atoms. 

[0054] Alkynylias a group per se and also as a structural 
element of other groups and compoundsiis, in each case 
taking into account the number of carbon atoms and conju 
gated or isolated double bonds contained in the group or 
compound in question, either straight-chain, for example, 
ethynyl, propargyl, 2-butynyl, 3 -pentynyl, 1 -hexynyl, 1 -hep 
tynyl, 3-hexen-1-ynyl or 1,5-heptadien-3 -ynyl, or branched, 
for example, 3-methylbut-1-ynyl, 4-ethylpent-1-ynyl, 4-me 
thylhex-2-ynyl or 2-methylhept-3-ynyl. Preference is given 
to alkynyl groups having 3 to 12, in particular 3 to 6, 
especially 3 or 4, carbon atoms. 
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[0055] Alkoxyias a group per se and also as a structural 
element of other groups and compounds is, in each case 
taking into account the number of carbon atoms contained in 
each case in the group or compound in question, either 
straight-chain, e.g., methoxy, ethoxy or propoxy, or 
branched-chain, for example, isopropoxy, isobutyoxy, or 
sec-butoxy. One or more oxygen atoms can be present in the 
group. Preferred number of carbon atoms in an alkoxy group 
is betWeen 1 to 6, such as 1 to 4. Similarly, the oxygen atom 
in the group alkenyloxy or alkynyloxy can be in any position 
and the preferred number of carbon atoms in either group is 
betWeen 2 to 6, such as 2 to 4. 

[0056] Halogen-substituted carbon-containing groups and 
compounds, such as, for example, halogen-substituted alkyl, 
alkenyl, alkynyl, cycloalkyl, alkoxy or alkylthio, can be 
partially halogenated or perhalogenated, Where in the case of 
polyhalogenation the halogen substituents can be identical 
or different. Examples of haloalkylias a group per se and 
also as a structural element of other groups and compounds, 
such as haloalkoxy or haloalkylthioiare methyl Which is 
mono- to trisubstituted by ?uorine, chlorine and/or bromine, 
such as CHF2 or CF3; ethyl Which is mono- to pentasubsti 
tuted by ?uorine, chlorine and/or bromine, such as CH2CF3, 
CF2CF3, CF2CCl3, CFZCHCIZ, CF2CHF2, CFZCFCIZ, 
CF2CHBr2, CFZCHClF, CFZCHBrF or CClFCHClF; propyl 
or isopropyl Which is mono- to heptasubstituted by ?uorine, 
chlorine and/or bromine, such as CH2CHBrCH2Br, 
CF2CHFCF3, CH2CF2CF3, CF(CF3)2 or CH(CF3)2; butyl or 
one of its isomers, mono- to nonasubstituted by ?uorine, 
chlorine and/or bromine, such as CF(CF3)CHFCF3 or 
CH2(CF2)2CF3; pentyl or one of its isomers, mono- to 
undecasubstituted by ?uorine, chlorine and/or bromine, such 
as CF(CF3)(CHF2)CF3 or CH2(CF2)3CF3; and hexyl or one 
of its isomers, mono- to tridecasubstituted by ?uorine, 
chlorine and/or bromine, such as (CH2)4CHBrCH2Br, 
CF2(CHF)4CF3, CH2(CF2)4CF3 or C(CF3)2(CHF)2CF3. 
[0057] Aryl is in particular phenyl, naphthyl, anthracenyl, 
phenanthrenyl, perylenyl or ?uorenyl, preferably phenyl. 

0 
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[0058] Heterocyclyl is understood as being a three- to 
seven-membered monocyclic ring, Which may be saturated 
or unsaturated, and that contains from one to three hetero 
atoms selected from the group consisting of B, N, O and S, 
especially N and S; or a bicyclic ring system having from 8 
to 14 ring atoms, Which may be saturated or unsaturated, and 
that may contain either in only one ring or in both rings 
independently of one another, one or tWo hetero atoms 
selected from N, O and S; heterocyclyl is in particular 
piperidinyl, piperaZinyl, oxiranyl, morpholinyl, thiomor 
pholinyl, pyridyl, N-oxidopyridinio, pyrimidyl, pyraZinyl, 
s-triaZinyl, 1,2,4-triaZinyl, thienyl, furanyl, dihydrofuranyl, 
tetrahydrofuranyl, pyranyl, tetrahydropyranyl, pyrrolyl, pyr 
rolinyl, pyrrolidinyl, pyraZolyl, imidaZolyl, imidaZolinyl, 
thiaZolyl, isothiaZolyl, triaZolyl, oxaZolyl, thiadiaZolyl, thia 
Zolinyl, thiaZolidinyl, oxadiaZolyl, dioxaborolanyl, phthal 
imidoyl, benZothienyl, quinolinyl, quinoxalinyl, benZofura 
nyl, benZimidaZolyl, benZpyrrolyl, benZthiaZolyl, indolinyl, 
isoindolinyl, cumarinyl, indaZolyl, benZothiophenyl, benZo 
furanyl, pteridinyl or purinyl Which are preferably attached 
via a C atom; thienyl, benZofuranyl, benZothiaZolyl, tetrahy 
dropyranyl, dioxaborolanyl, or indolyl is preferred; in par 
ticular dioxaborolanyl, pyridyl or thiaZolyl. The said het 
erocyclyl radicals may preferrably be unsubstituted 
oridepending on the substitution possibilities on the ring 
systemisubstituted by 1 to 3 substituents selected from the 
group consisting of halogen, =0, iOH, =S, SH, nitro, 
C 1 -C6alkyl, C 1 -C6hydroxyalkyl, C 1 -C6alkoxy, 
Cl-C6haloalkyl, Cl-C6haloalkoxy, phenyl and benZyl. 

[0059] The invention also provides a process for preparing 
a compound of the formula (1) via a sul?nimine, nitrone or 
cyanide or by an Ugi reaction. 

Sul?nimine 

[0060] (A) Advantageously, 4" or 4' oxime avermectin or 
avermectin monosaccharide respectively With an oxygen 
protected at 5-carbon position (formula (0t) beloW) is used as 
a starting material. 

((1) 
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wherein R1, m and the bond between carbon atoms 22 and 
23 is as de?ned for a compound of formula (I) of the ?rst 
aspect, Q is a suitable protecting group to prevent reaction 
on the oxygen atom at the 5-carbon position, and the double 
bond betWeen the carbon atom at the 4' or 4" position and 
nitrogen atom is E or Z con?guration. 

[0061] The oxime is reacted With a suitable disul?de and 
an aliphatic or aromatic phosphine to form the correspond 
ing sulfenimine derivative of formula (H) 

O 

Wherein R1, m, and the bond betWeen carbon atoms 22 and 
23 are as de?ned for a compound of formula (I) of the ?rst 
aspect, R8b is as de?ned for R8 in compound of formula (I) 
of the ?rst aspect, Q is a suitable protecting group to prevent 
reaction on the oxygen atom at the 5-carbon position, and 
the double bond betWeen the carbon atom at the 4' or 4" 
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(I1) 

position and nitrogen atom is E or Z con?guration. Derek H. 
Barton, William B. MotherWell, Ethan S. Simon, Samir Z. 
Zard J. Chem. Soc. Trans. I 1986, 2243-2252 provides 
background on the general reaction; 
(B) the compound of formula (II) is oxidised With a suitable 
oxidant to form sul?nimine derivative of formula (III) 

(III) 



US 2008/0051353 A1 

wherein R1, m, R8 and the bond between carbon atoms 22 
and 23 are as de?ned for a compound of formula (I) of the 
?rst aspect, Q is a suitable protecting group to prevent 
reaction on the oxygen atom on 5-carbon position, and the 
double bond between the carbon atom at the 4' or 4" position 
and nitrogen atom is E or Z con?guration; 

(C) the compound or derivative of formula (III) is reacted 
with an organometallic reagent, for example, of formula 

wherein R2 is as de?ned for compound of formula (I) of the 
?rst aspect and M is a metal atom, preferably magnesium, 
lithium or cerium, and Hal is a halogen atom, preferably 
chlorine, bromine or iodine and r is 0 to 2 as function of the 
metal charge (such a reagent is known or can be prepared by 
methods known) to yield a sul?namide compound of for 
mula (IV) 

0// 

wherein R1, m, R2, R8 and the bond between carbon atoms 
22 and 23 are as de?ned for a compound of formula (I) of 
the ?rst aspect, and Q is a suitable protecting group to 
prevent reaction on the oxygen atom on 5-carbon position; 
or 

(D) the compound or derivative of formula (III) is reacted 
with a nitro alkyl reagent, for example, of formula 

H R11 

R10 
0 

N+4 
/ 

0. 
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(IV) 

where R10 and R11 are independently of each other, H, CN, 
unsubstituted or mono- to pentasubstituted Cl-Clzalkyl, 

unsubstituted or mono- to pentasubstituted 

C3-C12cycloalkyl, unsubstituted or mono- to pentasubsti 

tuted C2-Cl2alkenyl, unsubstituted or mono- to pentasubsti 

tuted C2-Cl2alkynyl, unsubstituted or mono- to pentasub 

stituted aryl, an unsubstituted or mono- to pentasubstituted 

C3-Cl2cycloalkyl ester, an unsubstituted or mono- to pen 

tasubstituted Cl-Clzalkyl ester, unsubstituted or mono- to 

pentasubstituted Cl-Clzalkyl sulfone or unsubstituted or 

mono- to pentasubstituted Cl-Clzalkyl nitrile, to yield a 

sul?namide compound of formula (IV) 
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(IV) 

wherein R1, m, R2, R8 and the bond between carbon atoms 
22 and 23 are as de?ned for a compound of formula (I) of 
the ?rst aspect, and Q is a suitable protecting group to 
prevent reaction on the oxygen atom at the 5-carbon posi 
tion; or 

(E) the compound or derivative of formula (III) is reacted 
With an isocyanate reagent, for example, of formula 

Where R12 is unsubstituted or mono- to pentasubstituted 

Cl-Clzalkyl, unsubstituted or mono- to pentasubstituted 

C3-Cl2cycloalkyl, unsubstituted or mono- to pentasubsti 

tuted Cz-Clzalkenyl, unsubstituted or mono- to pentasubsti 

tuted Cz-Clzalkynyl, unsubstituted or mono- to pentasub 

stituted aryl, an unsubstituted or mono- to pentasubstituted 

C3-Cl2cycloalkyl ester, an unsubstituted or mono- to pen 

tasubstituted Cl-Clzalkyl ester, unsubstituted or mono- to 

pentasubstituted Cl-Clzalkyl sulfone or unsubstituted or 

mono- to pentasubstituted Cl-Clzalkyl nitrile, to yield a 

amide compound of formula (lVa). 
(IVa) 
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wherein R1, m and the bond between carbon atoms 22 and 
23 are as de?ned for a compound of formula (I) of the ?rst 
aspect, R12 is as de?ned above, and R13 is unsubstituted or 
mono- to pentasubstituted Cl-Clzalkyl coming from the 
carboxylic acid use as reagent, and Q is a suitable protecting 
group to prevent reaction on the oxygen atom at the 5-carbon 
position; and 

either 

(F) the sul?nyl group and the protecting group Q are 
removed either in one step or one after another depending on 
the strength of the deprotecting agent, for example, an acidic 
and/or ?uorine reagent, to yield a compound of formula (1) 

0 

Wherein R1, R2, m, and the bond betWeen carbon atoms 22 
and 23 are as de?ned above in the ?rst aspect, and R3 and R4 
each represent hydrogen; 

(G) the sul?nyl group is only removed and reactions are 
carried out to modify the groups R2, R3 and R4, for example, 
by reacting a reagent of the formula R-Hal (Where R is as 
chemical constituent, preferably R is unsubstituted or mono 
to pentasubstituted Cl-Cl2alkyl, unsubstituted or mono- to 
pentasubstituted C3-Cl2cycloalkyl, unsubstituted or mono 
to pentasubstituted C2-Cl2alkenyl, unsubstituted or mono 
to pentasubstituted C2-C12alkynyl, in each of these cases, 
one or more CH2 groups may be replaced by C(O), C(S), 
C(O)O, C(S)O and Hal is halogen, especially chlorine, 
bromine or iodine), and thereafter removing the protecting 
group at oxygen atom at the 5-carbon position to yield a 
compound of formula (1). 
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(H) if the sul?nyl group is removed during the Step before 
(for example during Step E), the R13C(O) is removed by 
reaction With a reducing reagent and reactions are carried 
out to modify the groups R2, R3 and R4, for example, by 
reaction With a reagent of the formula R-Hal (Where R is as 
chemical constituent, preferably unsubstituted or mono- to 
pentasubstituted Cl-Clzalkyl, unsubstituted or mono- to 
pentasubstituted C3-C12cycloalkyl, unsubstituted or mono 
to pentasubstituted C2-Cl2alkenyl or unsubstituted or mono 
to pentasubstituted C2-C12alkynyl Where, in each of these 
cases, one or more CH2 groups may be replaced by C(O); 

C(S), C(O)O or C(S)O, and Hal is halogen, especially 
chlorine, bromine or iodine), and thereafter removing the 
protecting group on the oxygen atom at the 5-carbon posi 
tion to yield a compound of formula (I). 

[0062] In an embodiment, R8b is C l-C6alkyl that is option 
ally substituted With one to ?ve substituents selected from 
the group consisting of Cl-C6alkoxy, hydroxy, and aryl, 
C3-Cl2cycloalkyl, aryl, or aryl, Which, depending on the 
possibilities of substitution on the ring, are mono- to trisub 
stituted by substituents selected from the group consisting of 
OH, Cl-Clzalkyl, and Cl-Clzalkoxy; 

Nitrone 

[0063] (I) Preferably, 4" or 4' oxo avermectin or avermec 
tin monosaccharide respectively With an oxygen protected at 
5-carbon position (formula ([3) beloW) is used as a starting 
material. 
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([5) 
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wherein R1, m and the bond between carbon atoms 22 and 

23 is as de?ned for a compound of formula (I) of the ?rst 

aspect, and X represents H or Q (a suitable protecting group 

to prevent reaction of the oxygen atom at the 5-carbon 

position). The preparation of such a starting material is 

described in EP-A-0343708, and brie?y involves oxidation 

of the 4" or 4' hydroxyl group of avermectin or avermectin 

monosaccharide respectively. It is preferred that X repre 

sents Q. 

[0064] The oxo derivative is reacted With a 

NiR4hydroXylamine, preferably a N-hydrocarbylhydroxy 

lamine hydrochloride, to yield a nitrone compound of for 

mula (V) 

(V) 
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wherein R1, R4, m, and the bond between carbon atoms 22 
and 23 are as de?ned for a compound of formula (I) of the 
?rst aspect, X is as de?ned for formula ([3), and the double 
bond betWeen the carbon atom at the 4' or 4" position and 
nitrogen atom is E or Z; 

either 

(J) the compound of formula (V) is reacted With an orga 
nometallic or a silyl reagent, for example, of formula 

Wherein R2 is as de?ned for compound of formula (I) and M 
is a metal atom, preferably magnesium, lithium, cerium or 
silicon and Hal is a halogen atom, preferably chlorine, 
bromine or iodine and r is 0 to 2 as function of the metal 
charge (such a reagent is knoWn or can be prepared by 
methods knoWn) or r is 0 in the case of silicon to yield a 
NiR4hydroxyamino compound of formula (V l) 

Wherein R1, R2, R4, m and the bond betWeen carbon atoms 
22 and 23 are as de?ned for a compound of formula (I) and 
X is as de?ned for formula ([3), and the (R) isomer at 6 
position is preferably obtained; and 
either 

(K) remove the protecting group Q, if present, to yield a 
compound of formula (I), Wherein R1, R2, R4, m and the 
bond betWeen carbon atoms 22 and 23 are as de?ned in the 
?rst aspect, and R3 is OH; or 

(L) carry out reactions on one or more of R2, R3 and R4 
groups to modify the group, for example, by reacting the 
compound of formula (V1) with a reagent of formula Hal-R, 
Where R is a chemical constituent, preferably R is unsub 
stituted or mono- to pentasubstituted C l-C 1 2alkyl, unsubsti 
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tuted or mono- to pentasubstituted C3-C12cycloalkyl, unsub 
stituted or mono- to pentasubstituted C2-Cl2alkenyl, 
unsubstituted or mono- to pentasubstituted C2-Cl2alkynyl, 
in each of these cases, one or more CH2 groups may be 
replaced by C(O), C(S), C(O)O, C(S)O and Hal is halogen, 
especially chlorine, bromine or iodine; and remove the 
protecting group Q, if present, to yield a compound of 
formula (I) Wherein R1, R2, R3, R4, m and the bond betWeen 
carbon atoms 22 and 23 are as de?ned in the ?rst aspect, and 
then and removing the protecting group Q, if present, to 
yield a compound of formula (I); 

(M) the compound of formula (V) is reacted With a reagent 
of formula 

R15 R14 

H or R15? R17 
R16 R17 

(VI) 

\\‘\\\ 

25 

R1 

Where R14, R15, R16 and R17 are independently of each other, 
H, CN, unsubstituted or mono- to pentasubstituted 

Cl-Clzalkyl, unsubstituted or mono- to pentasubstituted 

C3-C12cycloalkyl, unsubstituted or mono- to pentasubsti 

tuted C2-Cl2alkenyl, unsubstituted or mono- to pentasubsti 

tuted C2-Cl2alkynyl, unsubstituted or mono- to pentasub 

stituted aromatic, unsubstituted or mono- to pentasub stituted 

C3-Cl2cycloalkyl ester, unsubstituted or mono- to pentasub 

stituted Cl-Clzalkyl ester, unsubstituted or mono- to penta 

substituted Cl-Clzalkyl sulfone, unsubstituted or mono- to 

pentasubstituted Cl-Clzalkyl nitrile, to yield a N-isoXaZoli 
dine or 2,3-dihydro-isoXaZole compound of formula (VII) 
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wherein R1, R4, m and the bond between carbon atoms 22 
and 23 are as de?ned for a compound of formula (I), and the 
bond betWeen carbon atoms a and b is a double or a single 
bond (depending on Whether an alkene or an alkyne reagent 
is used) and R14, R15, R16 and R17 are as de?ned above and 
X is as de?ned for formula ([3); the (R) isomer at 6 position 
is preferably obtained, and the carbon a or b could (R) or (S); 
and 

(N) remove the protecting group Q, if present, to yield a 
compound of formula (I), Wherein R1, R4, m and the bond 
betWeen carbon atoms 22 and 23 are as de?ned in the ?rst 
aspect and R2 and R3 is an alkylene or alkenylene bridge 
With an oxygen atom attached to the nitrogen atom attached 
to the 4' or 4" position. 

R3 0/ 
R4—N 

O 

Cyanide 
[0065] (O) Preferably, 4" or 4' oxo avermectin or aver 
mectin monosaccharide respectively With an oxygen pro 
tected at 5-carbon position (formula ([3) see F) is used as a 
starting material. 
[0066] The compound of formula ([3) is reacted With a 
silylated amine, such as heXamethyldisilylaZane or heptam 
ethyldisilylaZane, in presence of a LeWis acid and a trialkyl 
silyl cyanide, such as trimethylsilyl cyanide, to yield a 
compound of formula (V Ill). 
[0067] Alternatively, the compound of formula ([3) is 
reacted With an amine of formula R3R4NH, a chlorosilane, 
a LeWis acid and a trialkylsilyl cyanide; such as trimethyl 
silyl cyanide, to yield a compound of formula (V Ill). 

(VIII) 
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wherein R1, R3, R4, m, and the bond between carbon atoms 
22 and 23 are as de?ned for a compound of formula (I), X 
is as de?ned for formula ([3), and the protecting group Q, if 
present, is removed to yield a compound of formula (I) 

Wherein R1, R3, R4, m and the bond betWeen carbon atoms 
22 and 23 are as de?ned in formula (I) and is R2 is CN; or 

(P) carry out reactions on one or both of R3 and R4 groups 
to modify the group by reacting the compound of formula 
(VIII) With a reagent, such as of formula Hal-R, Where R is 
a chemical constituent, preferably R is unsubstituted or 
mono- to pentasubstituted Cl-Clzalkyl, unsubstituted or 
mono- to pentasubstituted C3-Cl2cycloalkyl, unsubstituted 
or mono- to pentasubstituted C2-Cl2alkenyl, unsubstituted 
or mono- to pentasubstituted C2-Cl 2alkynyl, in each of these 
cases, one or more CH2 groups may be replaced by C(O), 
C(S), C(O)O, C(S)O and Hal is halogen, especially chlorine, 
bromine or iodine; and remove the protecting group Q, if 
present, to yield a compound of formula (I) Wherein R1, R3, 
R4, m and the bond betWeen carbon atoms 22 and 23 are as 
de?ned in formula (I) and is R2 is CN. 

Ugi Reaction 

[0068] (Q) Preferably, 4" or 4' oxo avermectin or aver 
mectin monosaccharide respectively With an oxygen pro 
tected at 5-carbon position (formula ([3) see I) is used as a 
starting material. 

[0069] The compound of formula ([3) is reacted With an 
ammonium salt of formula Rl8CO2_NH4+ (Where R18 is H, 
unsubstituted or mono- to pentasubstituted Cl-Cl2alkyl, 
unsubstituted or mono- to pentasubstituted 
C3-Cl2cycloalkyl, unsubstituted or mono- to pentasubsti 
tuted C2-Cl2alkenyl, unsubstituted or mono- to pentasubsti 
tuted C2-Cl2alkynyl, unsubstituted or mono- to pentasub 
stituted aryl, an unsubstituted or mono- to pentasubstituted 
C3-Cl2cycloalkyl ester, an unsubstituted or mono- to pen 
tasubstituted Cl-Clzalkyl ester, unsubstituted or mono- to 
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pentasubstituted Cl-Clzalkyl sulfone or unsubstituted or 
mono- to pentasubstituted Cl-Clzalkyl nitrile), an isocya 
nide of formula RIZNC (see E) to yield a compound of 
formula (IX). 

(1X) 

Wherein R1, m, and the bond betWeen carbon atoms 22 and 

23 are as de?ned for a compound of formula (I), X is as 

de?ned for formula ([3), and the protecting group Q, if 
present, is removed to yield a compound of formula (I) 
Wherein R1, R3, m and the bond betWeen carbon atoms 22 

and 23 are as de?ned in formula (1), R2 is Rl2NHC(O) and 

R4 is Rl8C(O). 

[0070] Compounds of formula (I) can themselves be used 
as starting materials for further reactions so that further 
derivatives can be prepared, for example, by altering the 
groups R2, R3 and R4 by suitable knoWn reactions, such as 
alkylation, acylation, metathesis, palladium coupling reac 
tions, addition of organometallics. 

[0071] The preparation of avermectin monosaccharide 
derivatives of formula (I) folloW the process steps described 
above, but from the corresponding monosaccharide deriva 
tive. 

[0072] The comments made above in connection With 
tautomer or diastereoisomer of compound of formula (1) 
applies analogously to the starting materials mentioned in 
respect of their tautomers and diasteroisomers. 

[0073] The conditions for reactions described are carried 
out in a manner knoWn per se, for example in the absence or, 
customarily, in the presence of a suitable solvent or diluent 
or of a mixture thereof, the reactions being carried out, as 
required, With cooling, at room temperature or With heating, 
for example, in a temperature range of approximately from 
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—80° C. to the boiling temperature of the reaction medium, 
preferably from approximately 0° C. to approximately 
+150o C., and, if necessary, in a closed vessel, under 
pressure, under an inert gas atmosphere and/or under anhy 
drous conditions. Especially advantageous reaction condi 
tions can be found in the Example section. 

[0074] The reaction time is not critical; a reaction time of 
from about 0.1 to about 24 hours, especially from about 0.5 
to about 10 hours, is preferred. 

[0075] The product is isolated by customary methods for 
example by means of ?ltration, crystalliZation, distillation or 
chromatography, or any suitable combination of such meth 
ods. 

[0076] The organometallic reagent used in steps (C) and 
(J) of formula 

is knoWn or can be prepared by methods knoWn. A suitable 
example is a Grignard reagent. 

[0077] The isocyanate reagent used in step (E) and step 
(Q) of formula 

NEC' 

is knoWn or can be prepared by methods knoWn. 

[0078] The nitroalkyl reagent used in step (D) of formula 

H R11 

R10 
40 

N+ 
/ 

O. 

is knoWn or can be prepared by methods knoWn. 

[0079] It is generally useful to protect oxygen at the 
5-carbon position to prevent reaction on that position When 
carrying out reactions With avermectin and avermectin 
monosaccharide. Protecting groups include: alkyl ether radi 
cals, such as methoxymethyl, methylthiomethyl, tert-bu 
tylthiomethyl, benZyloxymethyl, p-methoxybenZyl, 2-meth 
oxyethoxymethyl, 2,2,2-trichloroethoxymethyl, 
2-(trimethylsilyl)ethoxymethyl, tetrahydropyranyl, tetrahy 
drofuranyl, l-ethoxyethyl, l-(2-chloroethoxy)ethyl, l-me 
thyl- l -methoxyethyl, l -methyl-l -benZyloxyethyl, trichloro 
ethyl, 2-trimethylsilylethyl, ter‘t-butyl, allyl, 
p-methoxyphenyl, 2,4-dinitrophenyl, benZyl, p-methoxy 
benZyl, o-nitrobenZyl, p-nitrobenZyl, triphenylmethyl; tri 
alkylsilyl radicals, such as trimethylsilyl, triethylsilyl, dim 
ethyl-tert-butylsilyl, dimethyl-isopropylsilyl, dimethyl-1,1, 
2-trimethylpropylsilyl, diethyl-isopropylsilyl, dimethyl-tert 
hexylsilyl, but also phenyl-ter‘t-alkylsilyl groups, such as 
diphenyl-ter‘t-butylsilyl; esters, such as formates, acetates, 
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chloroacetates, dichloroacetates, trichloroacetates, tri?uoro 
acetates, methoxyacetates, phenoxyacetates, pivaloates, 
benZoates; alkyl carbonates, such as methyl-, 9-?uorenylm 
ethyl-, ethyl-, 2,2,2-trichloroethyl-, 2-(trimethylsilyl)ethyl-, 
vinyl-, allyl-, benZyl-, p-methoxybenZyl-, o-nitrobenZyl-, 
p-nitrobenZyl-, but also p-nitrophenyl-carbonate. 

[0080] Preference is given to trialkylsilyl radicals, such as 
trimethylsilyl, triethylsilyl, dimethyl-ter‘t-butylsilyl, diphe 
nyl-tert-butylsilyl, esters, such as methoxyacetates and phe 
noxyacetates, and carbonates, such as 9-?uorenylmethylcar 
bonates and allylcarbonates. Dimethyl-tert-butylsilyl ether 
is especially preferred. 

[0081] Once the desired reactions are completed, the 
reagents used for removing the protecting group depends on 
the strength of the protecting group used. There are suitable 
for the removal of the protecting group LeWis acids, such as 
hydrochloric acid, methanesulfonic acid, BF3*OEt2, HP in 
pyridine, Zn(BF4)2*H2O, p-toluenesulfonic acid, AlCl3, 
HgCl2; ammonium ?uoride, such as tetrabutylammonium 
?uoride; bases, such as ammonia, trialkylamine or hetero 
cyclic bases; hydrogenolysis With a catalyst, such as palla 
dium-on-carbon; reducing agents, such as sodium borohy 
dride or tributyltin hydride With a catalyst, such as 
Pd(PPh3)4, or also Zinc With acetic acid. Preference is given 
to acids, such as methanesulfonic acid or HP in pyridine; 
sodium borohydride With Pd(0); bases, such as ammonia, 
triethylamine or pyridine; especially acids, such as HP in 
pyridine or methanesulfonic acid. Generally, an acidic 
reagent, such as a mixture of methanesulfonic acid in 
methanol or a HP in pydrine, is effective in removing 
dimethyl-tert-butylsilyl ether group from oxygen at the 
5-carbon position. A less acidic reagent, such as a mixture of 
alcohol (e.g., isopropanol) and tri?uoroacetic acid in a 
solvent (e.g., THF), is not adequate, but it is generally 
suf?cient to remove the sul?nyl group in step (F) 

[0082] The starting materials mentioned that are used for 
the preparation of the compound of formula (I), the inter 
mediates therefor (e.g., the compound of formula (II), (III) 
or (V)), and, Where applicable, their tautomers are knoWn or 
can be prepared by methods knoWn per se. 

[0083] The process steps (A) to (Q) described above are 
detailed further beloW: 

Process Step (A): 

[0084] Examples of solvents and diluents include: aro 
matic, aliphatic and alicyclic hydrocarbons and halogenated 
hydrocarbons, such as benZene, toluene, xylene, mesitylene, 
tetralin, chlorobenZene, dichlorobenZene, bromobenZene, 
petroleum ether, hexane, cyclohexane, dichloromethane, 
trichloromethane, tetrachloromethane, dichloroethane, 
trichloroethene or tetrachloroethene; ethers, such as diethyl 
ether, dipropyl ether, diisopropyl ether, dibutyl ether, tert 
butyl methyl ether, ethylene glycol monomethyl ether, eth 
ylene glycol monoethyl ether, ethylene glycol dimethyl 
ether, dimethoxydiethyl ether, tetrahydrofuran or dioxane; 
esters of carboxylic acids, such as ethyl acetate; amides, 
such as dimethylformamide, dimethylacetamide or l-me 
thyl-2-pyrrolidinones; nitriles, such as acetonitrile; 
nitroalkyls, such as nitromethane; sulfoxides, such as dim 
ethyl sulfoxide; or mixtures of the mentioned solvents. 
Preference is given to ether, such as tetrahydrofuran and 
diethyl ether, especially tetrahydrofuran. 




























































































































































